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(54) MAGNETIC PARTICLE ROTATION TYPE DISPLAY E 

(57)Abstract: 

PROBLEM TO BE SOLVED: To obtain a lightweight thin 
display element which displays a sharp image with low 
power consumption. 

SOLUTION: Magnetic particles 12 having 5 to 30 ^im 
particle size and colored into two colors, for example, 
white and black are arranged as rotatable, for example, 
by encapsulating in microcapsules on a transparent 
supporting body 1 1 . A memory layer 1 5 having 
perpendicular magnetic anisotropy on which a protective 
film 14 is formed and a supporting body 16 are applied on 
the rotating particle layer 13. An electric wiring layer 21 
prepared by patterning electric wirings 18a, 18b in a 
matrix state, for example, in X-Y directions on both 
faces of a supporting body 1 7 as an insulating layer and 
further forming protective films 1 9, 20. and a supporting 
body 22 are successively applied on the supporting body 
1 6. If necessary, an antireflection film is applied on the 
supporting body 1 1 of the rotating particle layer 13. 
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CLAIMS 



[Claim(s)] 

[Claim 1] The image display layer in which the magnetic particle which was classified by color 
possible [ a color substitute ] by rotation, and was magnetized Is arranged pivotable on a 
transparence base material, The electric wiring layer which generates the field which rotates said 
magnetic particle per pixel of said image display layer. The magnetic particle rotation mold 
display device characterized by providing the memory layer which has the perpendicular 
magnetic anisotropy which is inserted between said image display layers and electric wiring 
layers, is magnetized by said electric wiring layer, and gives a field to the magnetic particle of 
said image display layer. 

[Claim 2] The magnetic particle rotation mold display device characterized by being in the range 
whose mean particle diameter of said magnetic particle is 5 micrometers - 30 micrometers in a 
magnetic particle rotation mold display device according to claim 1. 

[Claim 3] The magnetic particle rotation mold display device characterized by enclosing said 
magnetic particle with the lubricative liquid pivotable in a transparent microcapsule in a magnetic 
particle rotation mold display device according to claim 1 . 

[Claim 4] The magnetic particle rotation mold display device characterized by enclosing said 
magnetic particle into the hole regulariy prepared in the plate of transparence In a magnetic 
particle rotation mold display device according to claim 1. 

[Claim 5] The magnetic particle rotation mold display device which said magnetic particle is 
classified by semi-sphere every 2 colors by color, and Is characterized by one color being white 
in a magnetic particle rotation mold display device according to claim 1. 
[Claim 6] The magnetic particle rotation mold display device characterized by said magnetic 
particle containing nitrlding iron in a magnetic particle rotation mold display device according to 
claim 1. 

[Claim 7] The magnetic particle rotation mold display device characterized by having the circuit 
pattern layer of the pair by which conductive wiring was prepared in parallel in the direction in 
which said electric wiring layer intersects perpendiculariy mutually through an insulating layer In 
the pixel pitch in the magnetic particle rotation mold display device according to claim 1 , 
respectively. 

[Claim 8] The magnetic particle rotation mold display device characterized by being controlled so 
that the current of parallel conductive wiring with which said electric wiring layer adjoins each 
other flows to hard flow mutually in a magnetic particle rotation mold display device according to 
claim 7. 

[Claim 9] The magnetic particle rotation mold display device characterized by having a coil 
configuration to which the character of KO laps with the part to which each conductive wiring 
crosses through said insulating layer while coming to prepare conductive wiring in a pixel pitch in 
the direction in which said electric wiring layer intersects perpendiculariy mutually through an 
insulating layer in a magnetic particle rotation mold display device according to claim 1, 
respectively. 

[Claim 1 0] The magnetic particle rotation mold display device characterized by forming the 
antireflectlon film In the transparence base material of said image display layer in a magnetic 
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particle rotation mold display device according to claim 1 . 

[Claim 11] The magnetic particle rotation mold display device characterized by the transparence 
base material of said image display layer and the base material of said electric wiring layer 
consisting of same ingredients in a magnetic particle rotation mold display device according to 
claim 1. 

[Claim 12] The magnetic particle rotation mold display device characterized by providing the 
magnetic pen which generates the field which rotates said magnetic particle from on the 
transparence base material of said image display layer in a magnetic particle rotation mold 
display device according to claim 1. 



[Translation done.] 
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DETAILED DESCRIPTION 



[Detailed Description of the Invention] 
[0001] 

[Field of the Invention] This invention relates to the magnetic particle rotation mold display 
device which the optical condition on the front face of a particle changes with rotations of the 
particle which consists of the magnetic substance, and displays images, such as a graphic form 
and an alphabetic character. 
[0002] 

[Description of the Prior Art] MPD (magnetic particle display) which rotates a particle by the 
field was proposed by Magnavox in 1 975 (L LLee:IEEE Transaction on Electron Devices, ED-22, 
P758). The magnetic-substance spherical particle which white and the remaining semi-sphere 
side were colored for the semi-sphere side black was used for this MPD. Then, each particle is 
microencapsulated and it is improved by the approach of covering a transparence sheet with 
this. 

[0003] As drawing 4 shows the example of a configuration of Above MPD and shows it to (a), the 
laminating of the substrate 5 is carried out to the rotation particle layer 2 which displays an 
image with the surface color of the rotation particle 1 sequentially from a top, the electric wiring 
layer 3 which has a field generating function, and the memory layer 4 which is magnetized by the 
electric wiring layer 3 and gives rotating magnetic field to the rotation particle layer 2. Endocyst 
is carried out to a microcapsule 6 and the rotation particle 1 which becomes the rotation particle 
layer 2 from the magnetic substance of the iron oxide classified by black and white by color is 
arranged, as shown in draw ing 4 (b). As shown in both sides of base material 3a which consist of 
polyimide at drawing 4 (c), the copper wiring 3b and 3c is spread around in the shape of an X-Y 
matrix, and the electric wiring layer 3 is constituted, and reverses the magnetization direction of 
the magnetic layer of the part equivalent to the pixel section by the magnetic field of the field 
surrounded by two X each Rhine and Y lines. The memory layer 4 consists of a magnetic layer 
with a thickness of several mm, and it is divided into the prism of a pixel unit in the shape of a 
grid that magnetic shape anisotropy should be used so that it may expand to drawing 4 (d) and 
may be shown, and a field can be perpendicularly impressed to the rotation particle layer 2. This 
pixel size of MPD is 0.5-1 .7mm, and the rotation particle with a particle diameter of 30-400 
micrometers was used. 
[0004] 

[Problem(s) to be Solved by the Invention] By the way. there were the following troubles in 
Above MPD. 

** Although the particle of a rotation particle layer was slowly rotated by the field of a memory 
layer after magnetizing a memory layer first at high speed by the generating field of an electric 
wiring layer, with the configuration of a rotation particle layer / electric wiring layer / memory 
layer, since the memory layer which gives rotating magnetic field is separated with the rotation 
particle layer, it is hard to tell the field of a memory layer, and dispersion arises in particle 
rotation, and it was hard to obtain a clear image. 

[0005] ** Since it was separated with the rotation particle layer, big record magnetic field 
strength was required for the memory layer, and In order to obtain record magnetic field strength 
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with the big memory layer of a thick film, it needed to enlarge the generating field of an electric 
wiring layer. 

** since the particle diameter of a rotation particle is as large as 30 micrometers or more — an 
image — resolution was low. 

** Although the memory layer was formed in the shape of a grid, since production of such a 
complicated configuration was difficult, its production cost was high. 

[0006] By this invention having coped with the trouble of the above-mentioned conventional 
technique, having been made, and making a memory layer an easy configuration thinly, and 
approaching a rotation particle layer and preparing, manufacture is easy and it aims at offering a 
low power and the magnetic particle rotation mold display device of a high resolution. 
[0007] 

[Means for Solving the Problem] Namely, the image display layer in which the magnetic particle 
which invention of claim 1 was classified by color possible [ a color substitute ] by rotation, and 
was magnetized is arranged pivotable on a transparence base material. The electric wiring layer 
which generates the field which rotates said magnetic particle per pixel of said image display 
layer. It is the magnetic particle rotation mold display device characterized by providing the 
memory layer which has the perpendicular magnetic anisotropy which is inserted between said 
image display layers and electric wiring layers, is magnetized by said electric wiring layer, and 
gives a field to the magnetic particle of said image display layer. 

[0008] In invention of claim 1. if the current controlled by the electric wiring layer based on the 
picture signal flows and the field of the pixel unit corresponding to a picture signal occurs, it will 
be magnetized per pixel and a memory layer will give the field of the pixel unit corresponding to a 
picture signal to the magnetic particle of an image display layer. Thereby, each magnetic particle 
of an image display layer is controlled by the rotation condition corresponding to a picture signal, 
and an image is formed of the color which each magnetic particle turned to the transparence 
base material side. The image by rotation of each of this magnetic particle is held by the memory 
layer until the following field occurs by the electric wiring layer. While becoming possible by a 
memory layer approaching an image display layer, and it being prepared, and having a 
perpendicular magnetic anisotropy here to form with a thin film, without forming a memory layer 
in the prism of a pixel unit, record magnetic field strength is small, and it ends, and is attained, 
reduction-izing. i.e.. power-saving, of a current which flows in an electric wiring layer. 
[0009] Invention of claim 2 is characterized by being in the range whose mean particle diameter 
of a magnetic particle is 5 micrometers - 30 micrometers in the magnetic particle rotation mold 
MAG display device of claim 1 . By setting mean particle diameter of a magnetic particle to 30 
micrometers or less, pixel size can be set to 126 micrometers or less, and it becomes possible to 
obtain 200 or more dpi and a high-resolution image. Moreover, if particle diameter is set to 5 
micrometers or less, the magnetization per piece will become small and rotation by the field will 
become difficult. 

[0010] Invention of claim 3 is characterized by enclosing the magnetic particle with the 
lubricative liquid pivotable in a transparent microcapsule in the magnetic particle rotation mold 
MAG display device of claim 1 . In this invention, it is endocyst's being carried out to a 
microcapsule and arranged on a transparence base material, and by the field, rotation of a 
magnetic particle is attained and the clear image formation of it becomes possible. 
[001 1] Invention of claim 4 is characterized by enclosing the magnetic particle into the hole 
regularly prepared in the plate of transparence in the magnetic particle rotation mold MAG 
display device of claim 1 . In this invention, it is that a magnetic particle is enclosed into the hole 
prepared regularly, it becomes easy to arrange a magnetic particle more regularly, while rotation 
becomes free by the field like the condition that endocyst was carried out to the microcapsule, 
and an image with high resolution is obtained. 

[0012] In the magnetic particle rotation mold MAG display device of claim 1, a magnetic particle 
is classified by semi-sphere every 2 colors by color, and invention of claim 5 is characterized by 
one color being white. A monochrome image is displayed when all the magnetic particles arranged 
by the image display layer are classified by black and white by color. A color picture is displayed, 
when two or more colors are used combining white and it is arranged by the image display layer. 
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[0013] Invention of claim 6 is characterized by a magnetic particle containing nitriding iron in the 
magnetic particle rotation mold MAG display device of claim 1. In this invention, it is using the big 
nitriding iron of saturation magnetization for the magnetic substance of a magnetic particle, and 
big running torque is obtained and It becomes possible with few current values, the roll control, 
i.e., the image formation, of a magnetic particle. 

[0014] Invention of claim 7 is characterized by having the circuit pattern layer of the pair by 
which conductive wiring was prepared in parallel in the direction in which an electric wiring layer 
intersects perpendicularly mutually through an insulating layer in the pixel pitch, respectively in 
the magnetic particle rotation mold MAG display device of claim 1. In this invention, while being 
preparing in the shape of a high grid so that a circuit pattern's may not be mutually touched in 
the direction of X, and the direction of Y and becoming possible to generate a field per pixel, 
production of an electric wiring layer is easy and a cheap display device is obtained. 
[0015] Invention of claim 8 is characterized by being controlled so that the current of parallel 
conductive wiring with which an electric wiring layer adjoins each other flows to hard flow 
mutually in the magnetic particle rotation mold MAG display device of claim 7. In this invention, 
since the big rotating magnetic field at the core of the grid formed with the circuit pattern of the 
direction of X and the direction of Y are obtained, it becomes possible with few current values, 
the roll control, i.e., the image formation, of a magnetic particle. 

[0016] In the magnetic particle rotation mold display device of claim 1, invention of claim 9 is 
characterized by having a coil configuration to which the character of KO laps with the part to 
which each conductive wiring crosses through an insulating layer while coming to prepare 
conductive wiring in a pixel pitch in the direction in which an electric wiring layer intersects 
perpendicularly mutually through an insulating layer, respectively. In this invention, since the big 
rotating magnetic field at the core of the character of KO of a part that conductive wiring 
crosses through an insulating layer are obtained, it becomes possible with few current values, the 
roll control, i.e., the image formation, of a magnetic particle. 

[0017] Invention of claim 10 is characterized by forming the antireflection film in the 
transparence base material of an image display layer in the magnetic particle rotation mold 
display device of claim 1. In this invention, the color tone of a magnetic particle becomes clearer, 
a flicker of an image is controlled, and a clearer image is obtained 

[0018] Invention of claim 1 1 is characterized by the transparence base material of an image 
display layer and the base material of an electric wiring layer consisting of same ingredients in 
the magnetic particle rotation mold display device of claim 1. In this invention, the gap by 
telescopic motion of the base material accompanying a temperature change or humidity is 
controlled between an image display layer and an electric wiring layer, the image gap at the time 
of rewriting is prevented, and clear image formation becomes possible. 

[0019] Invention of claim 12 is characterized by providing the magnetic pen which generates the 
field which rotates a magnetic particle from on the transparence base material of an image 
display layer in the magnetic particle rotation mold display device of claim 1. In this invention, it 
becomes possible to add an image to arbitration with a magnetic pen, or to eliminate from on a 
transparence base material. 
[0020] 

[Embodiment of the Invention] Hereafter, the gestalt of operation of this invention is explained 
based on a drawing. Drawing 1 is the sectional view showing the gestalt of 1 operation of the 
magnetic particle rotation mold display device of this invention. In this drawing, the magnetic 
particle 1 2 by which two or more color usual was classified by color in two colors is arranged by 
the base material 1 1 of transparence pivotable from the surface observation side. Sequential 
arrangement of the electric wiring layer 21 by which the memory layer 15 and base material 16 
with which the protective coat 1 4 was formed were arranged, pattern formation of the electric 
wiring 18a and 18b was carried out to both sides of the base material 17 which serves as an 
insulating layer further, and protective coats 1 9 and 20 were formed in this rotation particle layer 
13, and the base material 22 is carried out. Moreover, an antireflection film (not shown) is 
prepared in the base material 1 1 of the rotation particle layer 13 if needed. 
[0021] The magnetic particle 12 contains the magnetic substance, it is magnetized so that it 
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might be classified by two colors by color, while N pole and another side may become the south 
pole in them, and it serves as a permanent magnet. As a magnetic particle 12, the mixture of the 
ultrafine particle of the magnetic substance and polymers, such as polyethylene and phenol resin, 
is used. Moreover, a magnetic-substance independent particle may be used. In this case, 
magnetization becomes strong rather than mixture with a polymer, therefore the torque for 
rotation becomes strong. For this reason, since the magnetic field strength which rotation takes 
is small, it ends and the current value of the electric wiring layer 21 can be reduced, power- 
saving can be attained. Although an ellipse and a polygon are sufficient as the configuration of 
the magnetic particle 1 2, in order to rotate smoothly, its globular form is desirable. 
[0022] The particle diameter of the magnetic particle 12 has desirable 30 micrometers or less. 
Although the rotation particle with a particle size of 30 micrometers or more was used in MPD of 
the conventional technique, when it is going to obtain 200 or more dpi and a high-resolution 
image, this is because it was the magnitude whose pixel size is 0.5-1 .7mm, pixel size is set to 
1 26 micrometers or less, the particle size of a magnetic particle is too large in 30 micrometers or 
more, and sufficient resolution is not obtained. On the other hand, if particle diameter is not 
much small, the magnetization per piece will become small and rotation of it by the field will 
become impossible. Moreover, rotation functional grant processing, for example, 
microencapsulation etc., becomes difficult. Although based also on the saturation magnetization 
of the magnetic substance used for the magnetic particle 1 2, 5 micrometers or more are 
desirable. 

[0023] Moreover, since magnetization will become small if the particle size of the magnetic 
substance becomes small, as the magnetic substance, the larger one of saturation magnetization 
becomes large and is desirable [ running torque ]. Saturation magnetization is as large as 120 - 
140 emu/g twice [ about ], and the iron oxide (gamma-Fe 203 and Fe 304) of nitriding iron (Fe4 
N) generally used is desirable, although saturation magnetization is 70 - 80 emu/g. 
[0024] Although coercive force of the magnetic substance is the half-hard magnetism object or 
hard magnetism object of 50 or more Oes and the color is generally black, other colors, such as 
yellow, and brown or green, are sufficient. As the black magnetic substance, there are various 
ferrites, such as Fe, Co, nickel, Fe 203, Fe 304, Co ferrite, and a MnZn ferrite. What is 
necessary is to color only a semi-sphere white, if the magnetic substance is black although the 
color of the magnetic particle 1 2 is usually classified by two colors of white and black by color a 
semi-sphere every. The background color is chosen instead of white to carry out the color of a 
background in addition to white. The so-called coloring of red (R), green (G), blue (B), etc. in 
three primary colors is performed with white to obtain a color picture. Three or more colors may 
be colored depending on the case. For example. FURUKARA can be displayed if it has classified 
by color in five colors of the above-mentioned white and black. As a particle coloring matter in 
three primary colors, colors, such as a methylene blue, Congo Red, and the benzoyellow TZ. oil 
blue, oil cleanness, oil yellow, benzidine yellow, etc. are used. Moreover, the color tone of the 
magnetic particle 12 can check now more clearly by preparing an antirefiection film on the 
rotation particle layer 13 in which the magnetic particle 12 was arranged. 
[0025] In order to color white one side of black and each color particle of R, G. and B, there is 
the approach of putting the aluminum film using vacuum deposition methods, such as a coating 
method and a spray method, although many things are considered, after forming a particle further 
and fixing as easiest approach. Although the aluminum film has metallic luster, if it becomes the 
particle of the diameter of 5-30 micrometer, this metallic luster will no longer be sensed and will 
be observed as the so-called white. The front face of the magnetic particle 12 classified by color 
may be thinly coated with the organic substance or an inorganic substance, in order to decrease 
surface irregularity, or in order to raise surface lubricity. 

[0026] A rotation function is given to the magnetic particle 12 which was colored as mentioned 
above and magnetized, and it is arranged on a base material 11. Although there are some 
approaches of giving a rotation function, the approach of enclosing the magnetic particle 12 with 
a transparent microcapsule as one is mentioned, independent [ in common resin, such as acrylic, 
an methacrylic system, polyester, polystyrene, poly urea, a polyamide, and epoxy, ] as an 
ingredient which constitutes the outer shell of a microcapsule — or it can be mixed and used. 
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in-situ which supplies a monomer as the manufacture approach of a microcapsule from one side 
of the internal phase of an emulsion or external phase who distributed the interfacial 
polymerization which supplies both the' inside of an emulsion, and an outside to the monomer 
which distributed the magnetic particle, and a magnetic particle — law and other well-known 
microencapsulation techniques are used. Properties, such as a certain amount of [ the outer 
shell of a microcapsule ] mechanical strength which pushes and bears **, transparency, and 
chemical stability, are searched for. Moreover, a lubrication action for the fluid made to contain 
in a microcapsule to make rotation of the magnetic particle 12 smooth is called for most, and 
liquids, such as water, an oil, and alcohol, are used. 

[0027] The magnetic particle 1 2 to which the rotation function was given is arranged on the 
transparent base material 1 1 . Although it is desirable to arrange various ♦***s and the same size 
particle only one layer regularly also to this array approach, about 1.5 layers or two sorts of size 
particles may be arranged to a multilayer. As a transparence base material, transparence resin, 
such as MMA (methyl methacrylate), PMMA (polymethylmethacrylate), a polycarbonate, 
polypropylene, acrylic resin, styrene resin, ABS plastics, polyarylate, Pori Sail John, a polyether 
ape phon, an epoxy resin, the Polly 4-methyl pentene -1, fluorination polyimide, a fluororesin, 
phenoxy resin, polyolefine system resin, and Nylon, is used. 

[0028] There is a method of making a particle enclose into the hole regularly prepared in the 
plate made of a transparent plastic as an approach in the case of arranging the same size 
particle only one layer regularly. It is the size into which the height of a hole can rotate one 
particle and, as for length and width, plurality goes. In this case, the microcapsule which gives a 
rotation function to the magnetic particle 12 does not have the need. It becomes instead of the 
hole of a transparence plastic sheet being a microcapsule. It is still better if the liquid for 
frictional resistance reduction (for example, oil) is enclosed into this hole. Since the advantage of 
this approach can arrange a particle regularly, it is that a high quality picture is obtained. In 
addition, as for this approach, it is needless to say that it can arrange also at random. 
[0029] As an approach of forming a hole, the following approaches are in this transparence 
plastic sheet (J Vac Sci Technol B Vol.l 6, No.6 p.3825-3829, 1 998 reference). 

1. For example, prepare on a silicon wafer, the metal, for example, Pt layer, for electroplating. 

2. It is Si02 with a CVD method etc. on this. The film is made. It is ****** about the depth of 
the hole into which this thickness puts a particle. 

3. Prepare PMMA with a spin coat method etc. as a transparent plastic on this. 

4. Expose a hole pattern on PMMA with lithography. 

5. Prepare Cr with vacuum deposition etc. on PMMA. 

6. Form a hole in PMMA and Cr layer by reactive ion etching. 

[0030] Unlike the conventional MPD. the memory layer 15 is formed in contact with the rotation 
particle layer 13. Moreover, the memory layer 15 consists of a magnetic layer which has a 
perpendicular magnetic anisotropy, and is formed in uniform thickness. That is, the perpendicular 
magnetic anisotropy films 2 or more KOes of whose perpendicular magnetic-anisotropy 
constants Hk are 4 or more KOes preferably are used as a memory layer 1 5. Since a big 
generating field is acquired by the perpendicular direction of a memory stratification plane rather 
than the case of the magnetization film within a field of the same thickness by using these 
perpendicular magnetic anisotropy films, a memory layer can be made thin more. 
[0031] The memory layer 15 has the function to hold the rotation condition and to prevent 
turbulence of an image while supporting rotation of the magnetic particle 12 of the rotation 
particle layer 13 by the field of the memory layer 15 which was magnetized by the field 
generated by the electric wiring layer 21, and was magnetized further. That is, although the 
direction of a generating field of the electric wiring layer 21 is changed by making the direction of 
a current reverse, it magnetizes the specified location corresponding to the pixel of the memory 
layer 1 5 to + or - according to this generated direction of a field. Every pixel is sufficient as this 
magnetization, and every two or more pixels are sufficient as it. Since speed of this 1 -pixel 
magnetization can be carried out at 1 or less microsecond and a high speed, it is possible to the 
order of a second also at a big screen, for example like A4 size. When this memory layer 15 does 
not exist, it is necessary to rotate the magnetic particle 1 2 by the field of the electric wiring 
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layer 21 for every particle, even if magnetic particle rotation is quick — 20 — since it takes 
about m seconds, in A4 size, it will cut in long duration. There are various the field impression 
approaches by the electric wiring layer 21, if the approach of impressing [ two or more ] to 
coincidence every is used, an image will be obtained quickly, but if the number of pixels 
impressed to coincidence increases, the current value which flows to coincidence will also 
increase indeed. Since it is difficult practically to pass the current more than 1A in respect of 
equipment size etc., the memory layer 1 5 is indispensable in order to obtain an image at high 
speed. 

[0032] Moreover, it is necessary to fix the rotated magnetic particle 12 to re-rewriting at the 
time of the next roll control so that an image may not change. Also in this case, since 
magnetization of the memory layer 1 5 does not change with time amount by forming the memory 
layer 15, the magnetic particle 12 which is a permanent magnet is fixed, with the same direction 
turned to. In addition, as an approach of fixing the magnetic particle 1 2 after rotation, there is 
also an approach using the thixotropy liquid with which resistance increases after rotating 
between the magnetic particle 12 and resin layers, such as a microcapsule, besides Installation of 
the memory layer 1 5. 

[0033] By the way, in order to rotate the magnetic particle 1 2, it is required to give attraction 
and repulsive force to magnetization of the particle which was made to generate a field at right 
angles to the field of this display device, and was permanent-magnetHzed. Although it enables it 
to impress a field to a direction for the magnetic material which has plane anisotropy 
perpendicularly as a long configuration in MPD of the conventional technique using magnetic 
shape anisotropy, with the gestalt of this operation, a perpendicular magnetic anisotropy is given 
to memory layer 15 the very thing, and a particle is rotated by the field perpendicularly 
generated in a display device side. By using these perpendicular magnetic anisotropy films, it is 
not necessary to process the magnetic substance in the shape of a column for every pixel, since 
processing of a uniform layer is sufficient, manufacture can become easy, therefore cost can be 
reduced sharply. 

[0034] As an approach of creating the perpendicular magnetic anisotropy films which have a 
perpendicular magnetic anisotropy, a hexagon-head plate is put in order, the coating of the 
magnetic-substance powder which has a hexagon-head tabular configuration like a barium ferrite, 
for example is applied in parallel with a substrate side, impressing a magnetic field, (orientation), 
and there is the approach of creating perpendicular magnetic anisotropy films. Between rolls of 
the mixture of a barium ferrite and resin is passed similarly, and there is also the approach of. 
carrying out orientation of each particle and producing in the shape of sheet metal. Moreover, 
there is the approach of producing on a substrate metallic compounds, such as TbFeCo widely 
used as magneto-optic-recording material media, by PVD, such as a spatter. There are also an 
approach of producing with plating the ingredient which otherwise has perpendicular magnetic 
anisotropies, such as PtCo, and the approach of producing with a sol-gel method. Neither an 
ingredient nor the production approach is limited in this invention. With an ingredient with 
sufficient stability, it is more thin and the approach of being easy to make is selected. 
[0035] Next, the electric wiring layer 21 used for magnetization of the memory layer 15 is 
explained, a current flows to electric wiring 1 8a and 1 8b — the magnetic particle 1 2 can be 
rotated within a microcapsule by the interaction (attraction or repulsive force) of the residual 
magnetization of the magnetic field to generate and each magnetic particle 12. Since magnetic 
field strength required for rotation is small good at about 10 gauss, electric wiring 18a and 18b is 
possible by the approach of wiring so that it may prepare in X and the direction of Y in the shape 
of a straight line, respectively and the grid of each other may be formed. In this case, there is an 
advantage that a wiring configuration is simple and production is easy. Two main tracks are used 
as one pair, respectively, a current is passed to hard flow in two main tracks, and you may make 
it make the target pixel generate a field in the direction of X, and the direction of Y in that case, 
as shown in drawing 2 . 

[0036] Out of this, electric wiring 18a and 18b may be made to correspond to each pixel at each 
single track of X and the direction of Y, as shown in drawing 3 , and a horseshoe-shaped coil 
may be prepared, and you may form so that the coil of that one turn may lap through an 
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insulating layer in X and the direction of Y. If the coil of 2 or more ******s is prepared, of course 
corresponding to each pixel location, a current value required for excitation is small, and it ends, 
and although it is desirable, it will be necessary to become unproducible at a monolayer, and 
wiring will need to consist of multilayers which include an insulating layer In the middle. Moreover, 
it becomes difficult to double an up-and-down wiring location. In addition, the generating strong 
magnetic field by electric wiring and the location of a pixel are produced so that it may be in 
agreement. 

[0037] electric wiring 1 8a and 1 8b — the above — also in which wiring approach, the field has 
occurred besides the target pixel section, and a threshold is required for the force required for 
rotation of the magnetic particle 12 so that it may be pivotable in the magnetic particle 12 only 
in the target pixel section. Such a threshold Is controlled by viscosity of a microcapsule and the 
liquid between magnetic particles etc. Viscosity control material, such as sodium alginate, 
polyvinyl alcohol, denaturation sodium polyacrylate, a denaturation polyacrylic acid emulsion, and 
a denaturation polyacrylic acid sulfonate, Is used for the viscosity control of such a liquid. 
Especially, sodium alginate and polyvinyl alcohol are desirable. 

[0038] Moreover, also in which wiring approach, electric wiring 1 8a and 1 8b can form a copper 
layer in the flesh side of Insulating layers, such as a polyimide film, and both sides of a table with 
vacuum deposition, a spatter, plating, etc., and can form it by etching this copper layer except for 
a circuit pattern. Besides this photolithography method, a replica method can be used and a 
circuit pattern can also be formed. For example, it patternizes after forming a resist on 1 . 
conductivity substrate. 2. Prepare a metal, for example, copper, by the electroplating method on 
this. 3. Make adhesives adhere with plating on this. 4. Turn this adhesive coated surface down, 
for example, imprint on a plastic plate, and form electric wiring. This replica method can respond 
to a large area easily by low cost, and it has the advantage that creation of super-thin wiring or 
solid wiring is easy. In addition, although the common copper of the ingredient used for electric 
wiring is desirable from the point of an electric resistance value, the conductive ingredient of 
others, such as Au, Ag, aluminum, and Pt, is also used. Moreover, the common ITO film as 
transparence electric conduction film may be used 

[0039] Moreover, in order to prevent the damage on a blemish, exfoliation, etc., as signs 14, 19, 
and 20 show to drawing 1 It is desirable from the point of the endurance of a device to prepare a 
protective coat. SnS, alumlnum2 03 / [ SIO, Si02, ITO. ZrC, TiC and MgF2. MgO, BeO and Zr02, 
Y2 03. aluminum 203, and ] Ta 205, SiAION, AIN. Si3 N4. SiCNiH, etc. are used. As an organic 
resin protective coat, the photo-setting resin constituent and heat photo-setting resin 
constituent which use a polymerization nature monomer and oligomer as a principal component 
can be used. 50-1000nm of thickness Is desirable. 

[0040] It not only forms by the above-mentioned electric wiring layer 21, but the image of the 
rotation particle layer 1 3 can be formed again from the side which looks at. the opposite side. i.e.. 
the image, of a base material 11. For example, It is also possible to carry out image formation 
with the magnetic pen which established the iron core into the coil and was used as the nib. 
When it can write in only at the time of energization of a certain direction and energizes in the 
direction contrary to this, the nib Is possible In combination with a magnetization setup of the 
magnetic particle 12 so that an image can be erased. Although It Is necessary to reverse a tip 
mechanically and inconvenient when a thin cylinder-like permanent magnet is used as a nib, 
when an electromagnet is used, the direction of a field can be easily reversed by button grabbing. 

[0041] In addition, when a field occurs in the pixel section, migration, i.e., postscript actuation, of 
a magnetic pen, a current flows in the electric wiring layer 21. If the current detector which 
detects this current is arranged at each wiring edge, even if It does not arrange image sensing 
elements, such as a touch panel, specially, a postscript Image Is easily recordable on a display 
and coincidence by low cost. 

[0042] As stated above, the color picture of the magnetic particle 1 2 also becomes possible not 
only black and white but by controlling particle rotation by the magnetic field generated by the 
electric wiring layer 21, since it can be further colored *♦** of R, G, and B. In this case, the 
magnetic particle 12 colored by each color of black and white and RGB can also change and 
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arrange coercive force and magnetic classes (antiferromagnetism etc.). 

[0043] Moreover, the base material 1 1 which is a clear layer having protection of a component 
front face and the function of a base material is formed in a display device maximum front face. 
It will let this base material 1 1 pass, and the image contrast made by the magnetic particle 12 
will be observed. In this case, the light reflected by the front-face side of a base material 1 1 
becomes the factor which disturbs an image. Therefore, a clearer image can be obtained by 
preparing the antireflection film for preventing this reflected light generating. The stable matter is 
thermally [ transparently / the ingredient used for an antireflection film ] suitable. For example, 
the oxide of a metal or semimetal. a nitride, a chalcogen ghost, a hooker object. They are carbide 
and such mixture. Specifically Si02, SiO. aluminum 203^ Ge02, In 203, Ta 205, and Te02. They 
are simple substances or these multilayers, such as TI02, MoOS, W03; Zr02, SI3 N4, AIN, BN, 
TIN. ZnS and CdS. CdSe. ZnSe. ZnTe. AgF and PbF2. MnF2. NiF2. and SiC. Each thickness is 
preferably good to make [ 5-200nm ] it the range of 5-30nm. The film is formed using various 
kinds of PVD(s) and a CVD method. 

[0044] Moreover, plastic material is used for the transparent base material 1 1 with which the 
rotation particle layer 13 is formed, and the base material 17 in which the electric wiring layer 21 
Is formed. Although this is for being light and making the whole display device thin, the telescopic 
motion of plastic material by heat or humidity is large. As for the Image displayed once, a pixel 
location shifts in response to the effect of temperature or humidity. This gap becomes so large 
that it becomes a big screen. If it differs from the pixel location of the electric wiring layer 21 of 
a basis when displaying a new Image on the same display device, the Image part which cannot be 
overwritten will be generated Therefore, since it writes in with the rotation particle layer 13 
which is a display layer and the gap by temperature or humidity is not produced between the 
electric wiring layers 21 which are layers, it is desirable to use the same plastic material for the 
base material 11 of the rotation particle layer 13 and the base material 17 of the electric wiring 
layer 21. By this, it comes at the time of image rewriting to prevent the image gap by telescopic 
motion of a base material arising, and generating of the image by the electric wiring layer 21 
which is not rewritable can be suppressed as much as possible. 

[0045] In the gestalt of this operation, it is a light weight and a thin shape, and without 
destroying, even if deformation of some occurs, high definition image formation is possible at 
power saving, and a postscript can also obtain a possible magnetic particle rotation mold display 
device from on an image so that clearly also from the above-mentioned explanation. Although 
especially the memory layer was conventionally pillar-shaped and component thickness was 
thick, it became possible to make the whole equipment light thinly by using the thin film which 
has a perpendicular magnetic anisotropy. Moreover, 100mA or less of current values of the 
electric wiring layer which magnetizes a memory layer by approaching a rotation particle layer 
and installing the memory layer which supports magnetic particle rotation since magnetic particle 
rotation is possible at the magnetic field strength of several gauss usually became possible [ a 
next door and displaying an image with a precision more sufficient at power saving ] enough by 
10mA or less at the maximum. 
[0046] 

[Example] Hereafter, the example of this invention is explained 

Fe 304 whose example 1 mean particle diameter is 0.2 micrometers The ultrafine particle was 
distributed to the polyethylene solution. It was heated by about 100 degrees 0 and the 
circumference edge under rotation trickled these dispersion liquid into the tooth form-like disk 
by 30000RPM. It quenched the particle which collided with this rotating disk and dispersed, and it 
became round the shape of a true ball so that surface energy might be lowered. Uptake of this 
particle was carried out to the drum, and Fe3 04 / polyethylene mixing (It Is 1/1 at volume ratio) 
black particle whose mean particle diameter Is 15 micrometers and whose maximum particle 
diameter is 30 micrometers were obtained. 

[0047] After sprinkling the mixed globular form particle near this true ball so that it may become 
only one layer on a commercial pressure sensitive adhesive sheet, the opening was further filled 
up with the particle and it fixed. The vacuum deposition method was used on this fixed particle, 
and the aluminum thin film was formed in the thickness of about lOOnm. The aluminum film is 
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formed in the upper half (about 50% of white area) of a mixed particle, and is not put on a lower 
half. The particle on a sheet was observable in not a metallic color but the so-called white for 
the particle. The coercive force measured by VSM (oscillating sample mold magnetometer) was 
108Oe(sX and residual magnetization was 67 emu/g. This particle firmly attached seat has been 
, arranged between the pole piece of an electromagnet as it is. and it was magnetized so that the 
direction of the line which impresses a 1 00 gauss field and connects white and a black core, and 
magnetization might gather. Subsequently, each magnetic particle was exfoliated from the sheet. 
[0048] The above-mentioned magnetic particle was put into the 55-degree C gelatin water 
solution, and was agitated. Gum arabic was added to this solution, it was made acidity, solution 
temperature was further lowered [ PH was lowered. ] to 20 degrees C or less, the polymer film of 
gelatin/gum arabic was generated and hardened, and the microcapsule was formed. This 
microcapsule is immersed into a silicone oil. a silicone oil is infiltrated between a microcapsule 
and a magnetic particle, and it enabled it to rotate a magnetic particle within a capsule. The 
monochrome color has been checked through the microcapsule. 

[0049] Next, the antireflection film of MgO with a thickness of lOOnm was prepared in one side 
of a polycarbonate substrate with a thickness of 1 00 micrometers with vacuum evaporation 
technique, and it was coated with ultraviolet-rays hardening resin in another field. The water 
solution of the microcapsule which carried out [ above-mentioned ] production was hung down 
to the ultraviolet-rays hardening resin spreading side of a polycarbonate substrate, and vibration 
was added so that a microcapsule might arrange by the thickness of only one layer. Then, 
irradiate ultraviolet-rays hardening resin, it was made to harden UV light, each microcapsule 
location was fixed, and the image display section was produced. 

[0050] Next, perpendicular magnetic anisotropy films with a thickness of 0.5 micrometers were 
formed on the polycarbonate film with a thickness of 20 micrometers using the spatter by using 
TbFeCo as a target. The coercive force which impressed and measured the perpendicular 
direction field was 180Oe(s). Perpendicular anisotropy fields were 4.5KOe(s). The protective coat 
of SiN with a thickness of lOOnm was similarly formed using the spatter on this film. Thus, on the 
protective coat of the produced memory layer, adhesives were used, and the polycarbonate 
substrate of said image display section was ****ed outside, and was stuck in piles. 
[0051] Next, after preparing nickel film of lOnm thickness in one side of a polycarbonate 
substrate with a thickness of 100 micrometers by the spatter, the copper film of 5-micrometer 
thickness was formed with plating. Patterning of this copper film was carried out by the 
photolithography method, and copper wiring was formed by the etching method. The circuit 
pattern was made into the coiled form of 3 turns. Moreover, the pitch between coils (i.e., 
between pixels) was set to 127 micrometers (200dpi). Then, the SiN film of about lOOnm 
thickness was further prepared as a protective layer on the circuit pattern by the spatter. A 
drive circuit which a field with a coil generates one [ at a time ] one by one at the intersection of 
wiring of X and the direction of Y was established in each wiring edge. After uniting in piles the 
electric wiring layer produced as mentioned above with the lamination article of the image display 
section which arranged the microcapsule, and a memory layer like drawing 1 , the seal of the 
edge was carried out by resin, and the display device was produced. 

[0052] Subsequently, the drive circuit was used for each electric wiring, and the current was 
passed one by one. The current controlled the direction with the magnetic pole of the magnetic 
particle on each coil (pixel) to oppose. It rotated and the magnetic particle showed black. Each 
pixel was able to be made to have been able to produce the migration to black and white 
similarly, contrast was able to be acquired, and monochrome image was able to be obtained. The 
image could be clear, without flickering and being visible with the reflected light in the front face 
of a transparence base material, and was able to indicate by the repeat. Moreover, the 
irregularity of a magnetic particle was not worried. The formed image did not disappear 
semipermanently until it rewrote it. 

[0053] Furthermore, the coil was formed in the iron bar with a diameter [ of 0.8mm ]. and a die 
length of 1 5mm. and it considered as the electromagnet, and with a cell and a switch, as the 
current flowed in the both directions of positive/negative, the magnetic pen for field generating 
in which an image can be entered from on the transparence base material of the image display 
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section was produced. After passing and carrying out image formation of the current to the 
electric wiring layer of the above-mentioned display device, the current was passed in the 
forward direction on this magnetic pen, the pen was run from on the transparence base material, 
and the image was eliminated. Moreover, the current was passed in the negative direction and 
the tine drawing image was newly added Since the polycarbonate substrate of the same 
ingredient was used for the transparence base material of the image display section, and the 
base material of an electric wiring layer, there were few parts which were not able to carry out 
image rewriting, and the image was clear. 

[0054] It sets in the example 2 example 1, and is Fe 304 with a mean particle diameter of 15 
micrometers as a magnetic particle instead of FeS 04 / polyethylene mixing particle. The 
thickness of a microcapsule was made to double [ about ] in order to prevent with [ which goes 
away between magnetic particles ] ** using a black magnetic-substance particle. Others 
produced the display device like the example 1 . The image which passed and acquired the 
current to electric wiring was clear. Moreover, from the magnetic rotation particle of an example 
1, in spite of increase of the part to which saturation magnetization increased twice [ about ], 
and particle weight, particle running torque was able to increase, rotation was able to become 
possible with fewer current values, and power-saving was able to be attained. 
[0055] It sets in the example 3 example 1, and is Fe 304 with a mean particle diameter of 0.2 
micrometers. The black magnetic-substance particle of Fe4 N with a mean particle diameter of 
0.2 micrometers was used instead of the ultrafme particle, and the mixed particle of Fe4 N / 
polyethylene was produced as a magnetic particle. Moreover, the thickness of a microcapsule 
was made to double [ about ] in order to prevent with [ which goes away between magnetic 
particles ] **. The image which others produced the display device like the example 1, and 
passed and acquired the current to electric wiring was clear. Moreover, from the magnetic 
rotation particle of an example 1 . the part and particle running torque to which saturation 
magnetization increased twice [ about ] were able to increase, rotation was able to become 
possible with fewer current values, and power-saving was able to be attained. 
[0056] On both sides of the polycarbonate substrate of 41 00 micrometer thickness of examples, 
the copper film of 5-micrometer thickness was produced with vacuum evaporation technique, 
patterning of this copper film was carried out by the photolithography method, and copper wiring 
was formed by the etching method. The circuit pattern was mostly prepared in the right angle in 
the shape of a grid length and beside the substrate like drawing 2 . On the rear face and the 
front face, it was made to rotate 90 degrees, and the above-mentioned circuit pattern produced, 
and showed the distribution from which the magnetic field strength of the core of a grid becomes 
max. Others produced the display device like the example 1 , using this as an electric wiring layer. 
The image which passed and acquired the current to electric wiring was clear. 
[0057] On both sides of the polycarbonate substrate of 5100 micrometer thickness of examples, 
the copper film of 5-micrometer thickness was produced with vacuum evaporation technique, 
patterning of this copper film was carried out by the photolithography method, and copper wiring 
was formed by the etching method. The circuit pattern was made into the configuration of the 
character of KO of katakana like drawing 3 . On the rear face and the front face, it was made to 
rotate 90 degrees and the above-mentioned circuit pattern produced, and it doubled the location 
so that the magnetic field strength of the core of the character of KO might become max. 
Others produced the display device like the example 1, using this as an electric wiring layer. The 
image which passed and acquired the current to electric wiring was clear. 

[0058] Pt layer for electroplating was prepared on example 6 silicon wafer. Besides, it is Si02 of 
about 20-micrometer thickness with a CVD method. The film was produced. Besides, PMMA 
(polymethylmethacrylate) was prepared with the spin coat method. Subsequently, after exposing 
a grid-like hole pattern on PMMA, Or layer was prepared with vacuum deposition etc. on PMMA. 
The hole was produced in PMMA and Or layer using reactive ion etching, subsequently, the hole 
which did in this way and was formed regulariy — Fe3 04 / polyethylene mixing black particle 
produced in the example 1 were put into inside, and the PMMA film of 20-micrometer thickness 
was stuck and covered. The memory layer and the electric wiring layer were prepared in the 
PMMA film side of 20-micrometer thickness like the example 1, and the display device was 
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produced. The image at the time of passing a current was clear. 

[0059] To the configuration of the transparence base material / rotation particle layer / memory 
layer / electric wiring layer of example of comparison 1 example 1 , the location of a memory 
layer and an electric wiring layer was replaced, it was made the configuration of a transparence 
base material / rotation particle layer / electric wiring layer / memory layer, and the rest 
produced the display device like the example 1 . Although the same current as an example 1 was 
passed in the electric wiring layer, between a rotation particle layer and memory layers became 
large, the reinforcement of the field which rotates the magnetic particle of a rotation particle 
layer decreased, and image contrast was one half extent of an example 1. 

[0060] The memory layer of example of comparison 2 example 1 was used as the mixed (volume 
ratios 8/2) spreading layer of a ferrite and resin. Thickness was thickened and surface inductive 
flux was made the same as an example 1 . The film showed isotropic magnetic properties. Others 
produced the display device like the example 1 . When the current was passed to electric wiring, 
since there were many components with the direction of a field of a memory layer parallel to a 
film surface, variation increased in the angle of rotation of a magnetic particle, and the image 
became what faded Moreover, since memory thickness became thick, the generating field of an 
electric wiring layer was insufficient for memory layer magnetization, therefore the angle of 
rotation of a particle became inadequate, and the display image was indistinct. 
[0061] In example of comparison 3 example 1, the display device was completely similarly 
produced except having set particle size of a magnetic particle to 5 micrometers, 32 
micrometers, and 46 micrometers. The clearness of an image was lost as the thing using a 
niagnetic particle with large particle diameter, and the image by the magnetic particle of 32 
micrometers and the diameter of 46 micrometer was not clearly seen rather than the image by 
the magnetic particle of 5 micrometers and the diameter of 15 micrometer, but was that of 

[0062] In example of comparison 4 example 1, after enclosing the magnetic particle which 
consists of a magnetic-substance ultrafine particle and a polymer into a transparent 
microcapsule, it has arranged to the polycarbonate substrate without immersing a silicone oil 
between this microcapsule and a particle. Even if others added the field like the example 1, a 
particle did not rotate within the capsule and the image was not displayed. 
[0063] 

[Effect of the Invention] As mentioned above, according to invention of claim 1 , the thin 
lightweight display device in which clear image display is possible can be obtained with a low 
power by forming a memory layer with the perpendicular magnetic-anisotropy film, approaching 
an image display layer and arranging. 

[0064] According to invention of claim 2, the image of a high resolution can be displayed by 
setting mean particle diameter of a magnetic particle to 5 micrometers - 30 micrometers. 
[0065] According to invention of claim 3, by arranging the magnetic particle connoted to the 
microcapsule in the image display layer, a rotation function is given to a magnetic particle and a 
clear image can be displayed by the field. 

[0066] While a rotation function is given to a magnetic particle by enclosing a magnetic particle 
into the hole regularly prepared in the plate of transparence in the image display layer according 
to invention of claim 4, a magnetic particle can be arranged more regularly and an image with 
high resolution can be displayed. 

[0067] According to invention of claim 5, monochrome image or a color picture can be easily 
displayed by the magnetic particle's having classified by color the semi-sphere every, while 
supposing that it is white. 

[0068] According to invention of claim 6, by using the big nitriding iron of saturation 
magnetization for the magnetic substance of a magnetic particle, the big running torque to a 
magnetic particle is obtained, and an image can be formed with few current values. 
[0069] According to invention of claim 7, the electric wiring layer which can control rotation of a 
magnetic particle by the manufacturing cost of low cost per pixel easily can be obtained by 
preparing the circuit pattern of an electric wiring layer in the shape of a grid on both sides of an 
insulating layer. 
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[0070] According to invention of claim 8, by carrying out current control by wiring 21 set so that 
the current of parallel conductive wiring with which an electric wiring layer adjoins each other 
may flow to hard flow mutually, big rotating magnetic field can be obtained at the core of the grid 
formed on both sides of an insulating layer with a circuit pattern, and an image can be formed in 
it with few current values. 

[0071] According to invention of claim 9. by forming a coil configuration to which the character 
of KO laps with the part which intersects each conductive wiring of an electric wiring layer 
through an insulating layer, big rotating magnetic field can be obtained at the core of the 
character of KO, and an image can be formed in it with few current values. 
[0072] According to invention of claim 10, by forming an antireflection film in the transparence 
base material of an image display layer, a flicker of an image can be controlled and a clear image 
can be observed. 

[0073] According to invention of claim 1 1 , by using the transparence base material of an image 
display layer, and the base material of an electric wiring layer as the same ingredient, the gap by 
the temperature change or humidity can be controlled between an image display layer and an 
electric wiring layer, the image gap at the time of rewriting can be prevented, and a clear image 
can be formed. 

[0074] According to invention of claim 12, by using a pivotable magnetic pen for a magnetic 
particle from on the transparence base material of an image display layer, an image can be added 
to arbitration in handwriting, or it can eliminate. 
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* NOTICES * 

JPO and NCIPI are not responsible for any 
damages caused by the use of this translation. 

1. This document has been translated by computer. So the translation may not reflect the original 
precisely. 

2. **** shows the word which can not be translated. 
3.1n the drawings, any words are not translated. 



TECHNICAL FIELD 



[Field of the Invention] This invention relates to the magnetic particle rotation mold display 
device which the optical condition on the front face of a particle changes with rotations of the 
particle which consists of the magnetic substance, and displays images, such as a graphic form 
and an alphabetic character. 
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* NOTICES * 

JPO and NCIPI are not responsible for any 
damages caused by the use of this translation. 

1 Tliis document has been translated by computer. So the translation may not reflect the original 
precisely. 

2.**** shows the word which can not be translated. 
3.1n the drawings, any words are not translated. 



PRIOR ART 



[Description of the Prior Art] MPD (magnetic particle display) which rotates a particle by the 
field was proposed by Magnavox in 1975 (L. L.Lee:IEEE Transaction on Electron Devices. ED-22, 
P758). The magnetic-substance spherical particle which white and the remaining semi-sphere 
side were colored for the semi-sphere side black was used for this MPD. Then, each particle is 
microencapsulated and it is improved by the approach of covering a transparence sheet with 
this. 

[0003] As drawing 4 shows the example of a configuration of Above MPD and shows it to (a), the 
laminating of the substrate 5 is carried out to the rotation particle layer 2 which displays an 
image with the surface color of the rotation particle 1 sequentially from a top. the electric wiring 
layer 3 which has a field generating function, and the memory layer 4 which is magnetized by the 
electric wiring layer 3 and gives rotating magnetic field to the rotation particle layer 2. Endocyst 
is carried out to a microcapsule 6 and the rotation particle 1 which becomes the rotation particle 
layer 2 from the magnetic substance of the iron oxide classified by black and white by color is 
arranged, as shown in drawing 4 (b). As shown in both sides of base material 3a which consist of 
polyimide at drawing 4 (c), the copper wiring 3b and 3c is spread around in the shape of an X~Y 
matrix, and the electric wiring layer 3 is constituted, and reverses the magnetization direction of 
the magnetic layer of the part equivalent to the pixel section by the magnetic field of the field 
surrounded by two X each Rhine and Y lines. The memory layer 4 consists of a magnetic layer 
with a thickness of several mm, and it is divided into the prism of a pixel unit in the shape of a 
grid that magnetic shape anisotropy should be used so that it may expand to drawing 4 (d) and 
may be shown, and a field can be perpendicularly impressed to the rotation particle layer 2. This 
pixel size of MPD is 0.5-1. 7mm, and the rotation particle with a particle diameter of 30-400 
micrometers was used. 
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* NOTICES * 

JPO and NCIPI are not responsible for any 
damages caused by the use of this translation. 

1 This document has been translated by computer. So the translation may not reflect the original 
precisely. 

2.**** shows the word which can not be translated 
3.1n the drawings, any words are not translated. 



EFFECT OF THE INVENTION 



[Effect of the Invention] As mentioned above, according to invention of claim 1 , the thin 
lightweight display device in which clear image display is possible can be obtained with a low 
power by forming a memory layer with the perpendicular magnetic-anisotropy film, approaching 
an image display layer and arranging. 

[0064] According to invention of claim 2, the image of a high resolution can be displayed by 
setting mean particle diameter of a magnetic particle to 5 micrometers - 30 micrometers. 
[0065] According to invention of claim 3. by arranging the magnetic particle connoted to the 
microcapsule in the image display layer, a rotation function is given to a magnetic particle and a 
clear image can be displayed by the field. 

[0066] While a rotation function is given to a magnetic particle by enclosing a magnetic particle 
into the hole regularly prepared in the plate of transparence in the image display layer according 
to invention of claim 4, a magnetic particle can be arranged more regularly and an image with 
high resolution can be displayed. 

[0067] According to invention of claim 5, monochrome image or a color picture can be easily 
displayed by the magnetic particle's having classified by color the semi-sphere every, while 
supposing that it is white. 

[0068] According to invention of claim 6, by using the big nitriding iron of saturation 
magnetization for the magnetic substance of a magnetic particle, the big running torque to a 
magnetic particle is obtained, and an image can be formed with few current values. 
[0069] According to invention of claim 7, the electric wiring layer which can control rotation of a 
magnetic particle by the manufacturing cost of low cost per pixel easily can be obtained by 
preparing the circuit pattern of an electric wiring layer in the shape of a grid on both sides of an 
insulating layer. 

[0070] According to invention of claim 8, by carrying out current control by wiring 21 set so that 
the current of parallel conductive wiring with which an electric wiring layer adjoins each other 
may flow to hard flow mutually, big rotating magnetic field can be obtained at the core of the grid 
formed on both sides of an insulating layer with a circuit pattern, and an image can be formed in 
it with few current values. 

[0071] According to invention of claim 9, by forming a coil configuration to which the character 
of KO laps with the part which intersects each conductive wiring of an electric wiring layer 
through an insulating layer, big rotating magnetic field can be obtained at the core of the 
character of KO, and an image can be formed in it with few current values. 
[0072] According to invention of claim 10, by forming an antireflection film in the transparence 
base material of an image display layer, a flicker of an image can be controlled and a clear image 
can be observed. 

[0073] According to invention of claim 1 1 , by using the transparence base material of an image 
display layer, and the base material of an electric wiring layer as the same ingredient, the gap by 
the temperature change or humidity can be controlled between an image display layer and an 
electric wiring layer, the image gap at the time of rewriting can be prevented, and a clear image 
can be formed. 

[0074] According to invention of claim 12, by using a pivotable magnetic pen for a magnetic 
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particle from on the transparence base material of an image display layer, an image can be added 
to arbitration in handwriting, or it can eliminate. 
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* NOTICES ♦ 

JPO and NCIPI are not responsible for any 
damages caused by the use of this translation. 

1 This document has been translated by computer. So the translation may not reflect the original 
precisely. 

2.**** shows the word which can not be translated. 
3.1n the drawings, any words are not translated. 



TECHNICAL PROBLEM 



[Problem(s) to be Solved by the Invention] By the way, there were the following troubles in 
Above MPD. 

** Although the particle of a rotation particle layer was slowly rotated by the field of a memory 
layer after magnetizing a memory layer first at high speed by the generating field of an electric 
wiring layer, with the configuration of a rotation particle layer / electric wiring layer / memory 
layer, since the memory layer which gives rotating magnetic field is separated with the rotation 
particle layer, it is hard to tell the field of a memory layer, and dispersion arises in particle 
rotation, and it was hard to obtain a clear image. 

[0005] ** Since it was separated with the rotation particle layer, big record magnetic field 
strength was required for the memory layer, and in order to obtain record magnetic field strength 
with the big memory layer of a thick film, it needed to enlarge the generating field of an electric 
wiring layer. 

** since the particle diameter of a rotation particle is as large as 30 micrometers or more — an 
image — resolution was low. 

** Although the memory layer was formed in the shape of a grid, since production of such a 
complicated configuration was difficult, its production cost was high. 

[0006] By this invention having coped with the trouble of the above-mentioned conventional 
technique, having been made, and making a memory layer an easy configuration thinly, and 
approaching a rotation particle layer and preparing, manufacture is easy and it aims at offering a 
low power and the magnetic particle rotation mold display device of a high resolution. 



[Translation done.] 



http:/ / www4.ipdl.ncipi.gojp/cgi-bin/tran.web_cgi_ejje 



05/06/28 



JP,2002"006346.A [MEANS] 



1/7 ^-e; 



* NOTICES ♦ 

JPO and NCIPI are not responsible for any 
damages caused by the use of this translation. 

1. This document has been translated by computer So the translation may not reflect the original 
precisely. 

2. **** shows the word which can not be translated 
3.1n the drawings, any words are not translated. 



MEANS 



[Means for Solving the Problem] Namely, the image display layer in which the magnetic particle 
which invention of claim 1 was classified by color possible [ a color substitute ] by rotation, and 
was magnetized is arranged pivotable on a transparence base material. The electric wiring layer 
which generates the field which rotates said magnetic particle per pixel of said image display 
layer. It is the magnetic particle rotation mold display device characterized by providing the 
memory layer which has the perpendicular magnetic anisotropy which is inserted between said 
image display layers and electric vyiring layers, is magnetized by said electric wiring layer, and 
gives a field to the magnetic particle of said image display layer. 

[0008] In invention of claim 1 . if the current controlled by the electric wiring layer based on the 
picture signal flows and the field of the pixel unit corresponding to a picture signal occurs, it will 
be magnetized per pixel and a memory layer will give the field of the pixel unit corresponding to a 
picture signal to the magnetic particle of an image display layer. Thereby, each magnetic particle 
of an image display layer is controlled by the rotation condition corresponding to a picture signal, 
and an image is formed of the color which each magnetic particle turned to the transparence 
base material side. The image by rotation of each of this magnetic particle is held by the memory 
layer until the following field occurs by the electric wiring layer. While becoming possible by a 
memory layer approaching an image display layer, and it being prepared, and having a 
perpendicular magnetic anisotropy here to form with a thin film, without forming a memory layer 
in the prism of a pixel unit, record magnetic field strength is small, and it ends, and is attained, 
reduction-izing. i.e., power-saving, of a current which flows in an electric wiring layer. 
[0009] Invention of claim 2 is characterized by being in the range whose mean particle diameter 
of a magnetic particle is 5 micrometers - 30 micrometers in the magnetic particle rotation mold 
MAG display device of claim 1 . By setting mean particle diameter of a magnetic particle to 30 
micrometers or less, pixel size can be set to 1 26 micrometers or less, and it becomes possible to 
obtain 200 or more dpi and a high-resolution image. Moreover, if particle diameter is set to 5 
micrometers or less, the magnetization per piece will become small and rotation by the field will 
become difficult. 

[0010] Invention of claim 3 is characterized by enclosing the magnetic particle with the 
lubricative liquid pivotable in a transparent microcapsule in the magnetic particle rotation mold 
MAG display device of claim 1 . In this invention, it is endocyst's being carried out to a 
microcapsule and arranged on a transparence base material, and by the field, rotation of a 
magnetic particle is attained and the clear image formation of it becomes possible. 
[001 1] Invention of claim 4 is characterized by enclosing the magnetic particle into the hole 
regularly prepared in the plate of transparence in the magnetic particle rotation mold MAG 
display device of claim 1. In this invention, it is that a magnetic particle is enclosed into the hole 
prepared regularly, it becomes easy to arrange a magnetic particle more regularly, while rotation 
becomes free by the field like the condition that endocyst was carried out to the microcapsule, 
and an image with high resolution is obtained. 

[0012] In the magnetic particle rotation mold MAG display device of claim 1. a magnetic particle 
is classified by semi-sphere every 2 colors by color, and invention of claim 5 is characterized by 
one color being white. A monochrome image is displayed when all the magnetic particles arranged 



http:/ / www4.ipdl.ncipi.gojp/cgi-bin/tran.web.cgi.eije 



05/06/28 



JP,2002-006346.A [MEANS] 



2/7 



by the image display layer are classified by black and white by color. A color picture is displayed, 
when two or more colors are used combining white and it is arranged by the image display layer. 
[0013] Invention of claim 6 is characterized by a magnetic particle containing nitriding iron in the 
magnetic particle rotation mold MAG display device of claim 1 . In this invention, it is using the big 
nitriding iron of saturation magnetization for the magnetic substance of a magnetic particle, and 
big running torque is obtained and it becomes possible with few current values, the roll control, 
i.e., the image formation, of a magnetic particle. 

[0014] Invention of claim 7 is characterized by having the circuit pattern layer of the pair by 
which conductive wiring was prepared in parallel in the direction in which an electric wiring layer 
intersects perpendicularly mutually through an insulating layer in the pixel pitch, respectively in 
the magnetic particle rotation mold MAG display device of claim 1. In this invention, while being 
preparing in the shape of a high grid so that a circuit pattern s may not be mutually touched in 
the direction of X, and the direction of Y and becoming possible to generate a field per pixel, 
production of an electric wiring layer is easy and a cheap display device is obtained. 
[0015] Invention of claim 8 is characterized by being controlled so that the current of parallel 
conductive wiring with which an electric wiring layer adjoins each other flows to hard flow 
mutually in the magnetic particle rotation mold MAG display device of claim 7. In this invention, 
since the big rotating magnetic field at the core of the grid formed with the circuit pattern of the 
direction of X and the direction of Y are obtained, it becomes possible with few current values, 
the roll control, i.e.. the image formation, of a magnetic particle. 

[0016] In the magnetic particle rotation mold display device of claim 1, invention of claim 9 is 
characterized by having a coil configuration to which the character of KO laps with the part to 
which each conductive wiring crosses through an insulating layer while coming to prepare 
conductive wiring in a pixel pitch in the direction in which an electric wiring layer intersects 
perpendicularly mutually through an insulating layer, respectively. In this invention, since the big 
rotating magnetic field at the core of the character of KO of a part that conductive wiring 
crosses through an insulating layer are obtained, it becomes possible with few current values, the 
roll control, i.e., the image formation, of a magnetic particle. 

[0017] Invention of claim 10 is characterized by forming the antireflection film in the 
transparence base material of an image display layer in the magnetic particle rotation mold 
display device of claim 1. In this invention, the color tone of a magnetic particle becomes clearer, 
a flicker of an image is controlled, and a clearer image is obtained. 

[001 8] Invention of claim 1 1 is characterized by the transparence base material of an image 
display layer and the base material of an electric wiring layer consisting of same ingredients in 
the magnetic particle rotation mold display device of claim 1 . In this invention, the gap by 
telescopic motion of the base material accompanying a temperature change or humidity is 
controlled between an image display layer and an electric wiring layer, the image gap at the time 
of rewriting is prevented, and clear image formation becomes possible. 

[0019] Invention of claim 12 is characterized by providing the magnetic pen which generates the 
field which rotates a magnetic particle from on the transparence base material of an image 
display layer in the magnetic particle rotation mold display device of claim 1. In this invention, it 
becomes possible to add an image to arbitration with a magnetic pen. or to eliminate from on a 
transparence base material. 
[0020] 

[Embodiment of the Invention] Hereafter, the gestalt of operation of this invention is explained 
based on a drawing. Drawin g 1 is the sectional view showing the gestalt of 1 operation of the 
magnetic particle rotation mold display device of this invention. In this drawing, the magnetic 
particle 1 2 by which two or more color usual was classified by color in two colors is arranged by 
the base material 1 1 of transparence pivotable from the surface observation side. Sequential 
arrangement of the electric wiring layer 21 by which the memory layer 15 and base material 16 
with which the protective coat 1 4 was formed were arranged, pattern formation of the electric 
wiring 18a and 18b was carried out to both sides of the base material 17 which serves as an 
insulating layer further, and protective coats 19 and 20 were formed in this rotation particle layer 
13, and the base material 22 is carried out. Moreover, an antireflection film (not shown) is 
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prepared in the base material 1 1 of the rotation particle layer 1 3 if needed 
[0021] The magnetic particle 12 contains the magnetic substance, it is magnetized so that it 
might be classified by two colors by color, while N pole and another side may become the south 
pole in them, and it serves as a permanent magnet. As a magnetic particle 12, the mixture of the 
ultrafine particle of the magnetic substance and polymers, such as polyethylene and phenol resin, 
is used. Moreover, a magnetic-substance independent particle may be used. In this case, 
magnetization becomes strong rather than mixture with a polymer, therefore the torque for 
rotation becomes strong. For this reason, since the magnetic field strength which rotation takes 
is small, it ends and the current value of the electric wiring layer 21 can be reduced, power- 
saving can be attained. Although an ellipse and a polygon are sufficient as the configuration of 
the magnetic particle 12, in order to rotate smoothly, its globular form is desirable. 
[0022] The particle diameter of the magnetic particle 12 has desirable 30 micrometers or less. 
Although the rotation particle with a particle size of 30 micrometers or more was used in MPD of 
the conventional technique, when it is going to obtain 200 or more dpi and a high-resolution 
image, this is because it was the magnitude whose pixel size is 0.5-1. 7mm, pixel size is set to 
1 26 micrometers or less, the particle size of a magnetic particle is too large in 30 micrometers or 
more, and sufficient resolution is not obtained. On the other hand, if particle diameter is not 
much small, the magnetization per piece will become small and rotation of it by the field will 
become impossible. Moreover, rotation functional grant processing, for example, 
microencapsulation etc.. becomes difficult. Although based also on the saturation magnetization 
of the magnetic substance used for the magnetic particle 1 2, 5 micrometers or more are 
desirable. 

[0023] Moreover, since magnetization will become small if the particle size of the magnetic 
substance becomes small, as the magnetic substance, the larger one of saturation magnetization 
becomes large and is desirable [ running torque ]. Saturation magnetization is as large as 120 - 
140 emu/g twice [ about ], and the iron oxide (gamma-Fe 203 and Fe 304) of nitriding iron (Fe4 
N) generally used is desirable, although saturation magnetization is 70 - 80 emu/g. 
[0024] Although coercive force of the magnetic substance is the half-hard magnetism object or 
hard magnetism object of 50 or more Oes and the color is generally black, other colors, such as 
yellow, and brown or green, are sufficient. As the black magnetic substance, there are various 
ferrites. such as Fe. Co, nickel. Fe 203, Fe 304; Co ferrite, and a MnZn ferrite. What is 
necessary is to color only a semi-sphere white, if the magnetic substance is black although the 
color of the magnetic particle 1 2 is usually classified by two colors of white and black by color a 
semi-sphere every. The background color is chosen instead of white to carry out the color of a 
background in addition to white. The so-called coloring of red (R). green (G), blue (B). etc. in 
three primary colors is performed with white to obtain a color picture. Three or more colors may 
be colored depending on the case. For example, FURUKARA can be displayed if it has classified 
by color in five colors of the above-mentioned white and black. As a particle coloring matter in 
three primary colors, colors, such as a methylene blue, Congo Red, and the benzoyellow TZ, oil 
blue, oil cleanness, oil yellow, benzidine yellow, etc. are used. Moreover, the color tone of the 
magnetic particle 1 2 can check now more clearly by preparing an antireflection filni on the 
rotation particle layer 13 in which the magnetic particle 12 was arranged. 

[0025] In order to color white one side of black and each color particle of R. G. and B. there is 
the approach of putting the aluminum film using vacuum deposition methods, such as a coating 
method and a spray method, although many things are considered, after forming a particle further 
and fixing as easiest approach. Although the aluminum film has metallic luster, if it becomes the 
particle of the diameter of 5-30 micrometer, this metallic luster will no longer be sensed and will 
be observed as the so-called white. The front face of the magnetic particle 1 2 classified by color 
may be thinly coated with the organic substance or an inorganic substance, in order to decrease 
surface irregularity, or in order to raise surface lubricity. 

[0026] A rotation function is given to the magnetic particle 1 2 which was colored as mentioned 
above and magnetized, and it is arranged on a base material 1 1 . Although there are some 
approaches of giving a rotation function, the approach of enclosing the magnetic particle 12 with 
a transparent microcapsule as one is mentioned, independent [ in common resin, such as acrylic, 
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an methacrylic system, polyester, polystyrene, poly urea, a polyamide, and epoxy. ] as an 
ingredient which constitutes the outer shell of a microcapsule — or it can be mixed and used, 
in-situ which supplies a monomer as the manufacture approach of a microcapsule from one side 
of the internal phase of an emulsion or external phase who distributed the interfacial 
polymerization which supplies both the inside of an emulsion, and an outside to the monomer 
which distributed the magnetic particle, and a magnetic particle — law and other well-known 
microencapsulation techniques are used. Properties, such as a certain amount of [ the outer 
shell of a microcapsule ] mechanical strength which pushes and bears **, transparency, and 
chemical stability, are searched for. Moreover, a lubrication action for the fluid made to contain 
in a microcapsule to make rotation of the magnetic particle 1 2 smooth is called for most, and 
liquids, such as water, an oil, and alcohol, are used. 

[0027] The magnetic particle 1 2 to which the rotation function was given is arranged on the 
transparent base material 1 1 . Although it is desirable to arrange various ****s and the same size 
particle only one layer regularly also to this array approach, about 1 .5 layers or two sorts of size 
particles may be arranged to a multilayer As a transparence base material, transparence resin, 
such as MMA (methyl methacrylate), PMMA (polymethylmethacrylate), a polycarbonate, 
polypropylene, acrylic resin, styrene resin, ABS plastics, polyarylate. Pori Sail John, a polyether 
ape phon, an epoxy resin, the Polly 4-methyl pentene -1. fluorination polyimide, a fluororesin, 
phenoxy resin, polyolefine system resin, and Nylon, is used. 

[0028] There is a method of making a particle enclose into the hole regularly prepared in the 
plate made of a transparent plastic as an approach in the case of arranging the same size 
particle only one layer regularly. It is the size into which the height of a hole can rotate one 
particle and, as for length and width, plurality goes. In this case, the microcapsule which gives a 
rotation function to the magnetic particle 1 2 does not have the need. It becomes instead of the 
hole of a transparence plastic sheet being a microcapsule. It is still better if the liquid for 
frictional resistance reduction (for example, oil) is enclosed into this hole. Since the advantage of 
this approach can arrange a particle regularly, it is that a high quality picture is obtained. In 
addition, as for this approach, it is needless to say that it can arrange also at random. 
[0029] As an approach of forming a hole, the following approaches are in this transparence 
plastic sheet (J Vac Sci Technol B Vol.16. No.6 p.3825-3829. 1998 reference). 

1. For example, prepare on a silicon wafer, the metal, for example. Ft layer, for electroplating. 

2. It is Si02 with a CVD method etc. on this. The film is made. It is ****** about the depth of 
the hole into which this thickness puts a particle. 

3. Prepare PMMA with a spin coat method etc. as a transparent plastic on this. 

4. Expose a hole pattern on PMMA with lithography. 

5. Prepare Cr with vacuum deposition etc. on PMMA. 

6. Form a hole in PMMA and Cr layer by reactive ion etching. 

[0030] Unlike the conventional MPD, the memory layer 15 is formed in contact with the rotation 
particle layer 13. Moreover, the memory layer 15 consists of a magnetic layer which has a 
perpendicular magnetic anisotropy. and is formed in uniform thickness. That is, the perpendicular 
magnetic anisotropy films 2 or more KOes of whose perpendicular magnetic-anisotropy 
constants Hk are 4 or more KOes preferably are used as a memory layer 15. Since a big 
generating field is acquired by the perpendicular direction of a memory stratification plane rather 
than the case of the magnetization film within a field of the same thickness by using these 
perpendicular magnetic anisotropy films, a memory layer can be made thin more. 
[0031] The memory layer 1 5 has the function to hold the rotation condition and to prevent 
turbulence of an image while supporting rotation of the magnetic particle 1 2 of the rotation 
particle layer 13 by the field of the memory layer 15 which was magnetized by the field 
generated by the electric wiring layer 21. and was magnetized further. That is. although the 
direction of a generating field of the electric wiring layer 21 is changed by making the direction of 
a current reverse, it magnetizes the specified location corresponding to the pixel of the memory 
layer 1 5 to + or - according to this generated direction of a field. Every pixel is sufficient as this 
magnetization, and every two or more pixels are sufficient as it. Since speed of this 1 -pixel 
magnetization can be carried out at 1 or less microsecond and a high speed, it is possible to the 
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order of a second also at a big screen, for example like A4 size. When this memory layer 15 does 
not exist, it is necessary to rotate the magnetic particle 1 2 by the field of the electric wiring 
layer 21 for every particle, even if magnetic particle rotation is quick — 20 — since it takes 
about m seconds, in A4 size, it will cut in long duration. There are various the field impression 
approaches by the electric wiring layer 21. if the approach of impressing [ two or more ] to 
coincidence every is used, an image will be obtained quickly, but if the number of pixels 
impressed to coincidence increases, the current value which flows to coincidence will also 
increase indeed. Since it is difficult practically to pass the current more than 1 A in respect of 
equipment size etc.. the memory layer 1 5 is indispensable in order to obtain an image at high 
speed. 

[0032] Moreover, it is necessary to fix the rotated magnetic particle 1 2 to re-rewriting at the 
time of the next roll control so that an image may not change. Also in this case, since 
magnetization of the memory layer 1 5 does not change with time amount by forming the memory 
layer 1 5, the magnetic particle 1 2 which is a permanent magnet is fixed, with the same direction 
turned to. In addition, as an approach of fixing the magnetic particle 12 after rotation, there is 
also an approach using the thixotropy liquid with which resistance increases after rotating 
between the magnetic particle 12 and resin layers, such as a microcapsule, besides installation of 
the memory layer 1 5. 

[0033] By the way, in order to rotate the magnetic particle 1 2, it is required to give attraction 
and repulsive force to magnetization of the particle which was made to generate a field at right 
angles to the field of this display device, and was permanent-magnet-ized. Although it enables it 
to impress a field to a direction for the magnetic material which has plane anisotropy 
perpendicularly as a long configuration in MPD of the conventional technique using magnetic 
shape anisotropy. with the gestalt of this operation, a perpendicular magnetic anisotropy is given 
to memory layer 1 5 the very thing, and a particle is rotated by the field perpendicularly 
generated in a display device side. By using these perpendicular magnetic anisotropy films, it is 
not necessary to process the magnetic substance in the shape of a column for every pixel, since 
processing of a uniform layer is sufficient, manufacture can become easy, therefore cost can be 
reduced sharply. 

[0034] As an approach of creating the perpendicular magnetic anisotropy films which have a 
perpendicular magnetic anisotropy. a hexagon-head plate is put in order, the coating of the 
magnetic-substance powder which has a hexagon-head tabular configuration like a barium ferrite. 
for example is applied in parallel with a substrate side, impressing a magnetic field, (orientation), 
and there is the approach of creating perpendicular magnetic anisotropy films. Between rolls of 
the mixture of a barium ferrite and resin is passed similarly, and there is also the approach of 
carrying out orientation of each particle and producing in the shape of sheet metal. Moreover, 
there is the approach of producing on a substrate metallic compounds, such as TbFeCo widely 
used as magneto-optic-recording material media, by PVD. such as a spatter. There are also an 
approach of producing with plating the ingredient which otherwise has perpendicular magnetic 
anisotropies. such as PtCo. and the approach of producing with a sol-gel method Neither an 
ingredient nor the production approach is limited in this invention. With an ingredient with 
sufficient stability, it is more thin and the approach of being easy to make is selected. 
[0035] Next, the electric wiring layer 21 used for magnetization of the memory layer 15 is 
explained, a current flows to electric wiring 18a and 18b — the magnetic particle 12 can be 
rotated within a microcapsule by the interaction (attraction or repulsive force) of the residual 
magnetization of the magnetic field to generate and each magnetic particle 1 2. Since magnetic 
field strength required for rotation is small good at about 10 gauss, electric wiring 18a and 18b is 
possible by the approach of wiring so that it may prepare in X and the direction of Y in the shape 
of a straight line, respectively and the grid of each other may be formed. In this case, there is an 
advantage that a wiring configuration is simple and production is easy. Two main tracks are used 
as one pair, respectively, a current is passed to hard flow in two main tracks, and you may make 
it make the target pixel generate a field in the direction of X, and the direction of Y in that case, 
as shown in drawing 2 . 

[0036] Out of this, electric wiring 1 8a and 1 8b may be made to correspond to each pixel at each 
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single track of X and the direction of Y, as shown in drawing 3 . and a horseshoe-shaped coil 
may be prepared, and you may form so that the coil of that one turn may lap through an 
insulating layer in X and the direction of Y. If the coil of 2 or more ******s is prepared, of course 
corresponding to each pixel location, a current value required for excitation is small, and it ends, 
and although it is desirable, it will be necessary to become unproducible at a monolayer, and 
wiring will need to consist of multilayers which include an insulating layer in the middle. Moreover, 
it becomes difficult to double an up-and-down wiring location. In addition, the generating strong 
magnetic field by electric wiring and the location of a pixel are produced so that it may be in 
agreement. 

[0037] electric wiring 18a and 18b — the above — also in which wiring approach, the field has 
occurred besides the target pixel section, and a threshold is required for the force required for 
rotation of the magnetic particle 12 so that it may be pivotable in the magnetic particle 12 only 
in the target pixel section. Such a threshold is controlled by viscosity of a microcapsule and the 
liquid between magnetic particles etc. Viscosity control material, such as sodium alginate, 
polyvinyl alcohol, denaturation sodium polyacrylate, a denaturation polyacrylic acid emulsion, and 
a denaturation polyacrylic acid sulfonate, is used for the viscosity control of such a liquid. 
Especially, sodium alginate and polyvinyl alcohol are desirable. 

[0038] Moreover, also in which wiring approach, electric wiring 1 8a and 1 8b can form a copper 
layer in the flesh side of insulating layers, such as a polyimide film, and both sides of a table with 
vacuum deposition, a spatter, plating, etc., and can form it by etching this copper layer except for 
a circuit pattern. Besides this photolithography method, a replica method can be used and a 
circuit pattern can also be formed. For example, it patternizes after forming a resist on 1. 
conductivity substrate. 2. Prepare a metal, for example, copper, by the electroplating method on 
this. 3. Make adhesives adhere with plating on this. 4. Turn this adhesive coated surface down, 
for example, imprint on a plastic plate, and form electric wiring. This replica method can respond 
to a large area easily by low cost, and it has the advantage that creation of super-thin wiring or 
solid wiring is easy. In addition, although the common copper of the ingredient used for electric 
wiring is desirable from the point of an electric resistance value, the conductive ingredient of 
others, such as Au. Ag. aluminum, and Ft, is also used. Moreover, the common ITO film as 
transparence electric conduction film may be used. 

[0039] Moreover, in order to prevent the damage on a blemish, exfoliation, etc.. as signs 14, 19, 
and 20 show to drawing 1 It is desirable from the point of the endurance of a device to prepare a 
protective coat. SnS, aluminum2 03 / [ SiO. Si02, ITO. ZrC, TiC and MgF2, MgO, BeO and Zr02, 
Y2 03, aluminum 203, and ] Ta 205, SiAION, AIN, Si3 N4, SiCN:H, etc. are used. As an organic 
resin protective coat, the photo-setting resin constituent and heat photo-setting resin 
constituent which use a polymerization nature monomer and oligomer as a principal component 
can be used. 50-1000nm of thickness is desirable. 

[0040] It not only forms by the above-mentioned electric wiring layer 21, but the image of the 
rotation particle layer 1 3 can be formed again from the side which looks at, the opposite side, i.e., 
the image, of a base material 1 1 . For example, it is also possible to carry out image formation 
with the magnetic pen which established the iron core into the coil and was used as the nib. 
When it can write in only at the time of energization of a certain direction and energizes in the 
direction contrary to this, the nib is possible in combination with a magnetization setup of the 
magnetic particle 1 2 so that an image can be erased. Although it is necessary to reverse a tip 
mechanically and inconvenient when a thin cylinder-like permanent magnet is used as a nib, 
when an electromagnet is used, the direction of a field can be easily reversed by button grabbing. 

[0041] In addition, when a field occurs in the pixel section, migration, i.e., postscript actuation, of 
a magnetic pen, a current flows in the electric wiring layer 21. If the current detector which 
detects this current is arranged at each wiring edge, even if it does not arrange image sensing 
elements, such as a touch panel, specially, a postscript image is easily recordable on a display 
and coincidence by low cost. 

[0042] As stated above, the color picture of the magnetic particle 1 2 also becomes possible not 
only black and white but by controlling particle rotation by the magnetic field generated by the 
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electric wiring layer 21. since it can be further colored **** of R, G, and B. In this case, the 
magnetic particle 1 2 colored by each color of black and white and RGB can also change and 
arrange coercive force and magnetic classes (antiferromagnetism etc.). 

[0043] Moreover, the base material 1 1 which is a clear layer having protection of a component 
front face and the function of a base material is formed in a display device maximum front face. 
It will let this base material 1 1 pass, and the image contrast made by the magnetic particle 12 
will be observed. In this case, the light reflected by the front-face side of a base material 1 1 
becomes the factor which disturbs an image. Therefore, a clearer image can be obtained by 
preparing the antireflection film for preventing this reflected light generating. The stable matter is 
thermally [ transparently / the ingredient used for an antireflection film ] suitable. For example, 
the oxide of a metal or semimetal. a nitride, a chalcogen ghost, a hooker object. They are carbide 
and such mixture. Specifically Si02, SiO, aluminum 203, Ge02. In 203; Ta 205, and Te02, They 
are simple substances or these multilayers, such as Ti02, Mo03, W03, Zr02, Si3 N4. AIN, BN, 
TiN. ZnS and CdS. OdSe. ZnSe. ZnTe. AgF and PbF2, MnF2. NiF2. and SiC. Each thickness is 
preferably good to make [ 5-200nm ] it the range of 5-30nm, The film is formed using various 
kinds of PVD(s) and a CVD method. 

[0044] Moreover, plastic material is used for the transparent base material 1 1 with which the 
rotation particle layer 13 is formed, and the base material 17 in which the electric wiring layer 21 
is formed. Although this is for being light and making the whole display device thin, the telescopic 
motion of plastic material by heat or humidity is large. As for the image displayed once, a pixel 
location shifts in response to the effect of temperature or humidity. This gap becomes so large 
that it becomes a big screen. If it differs from the pixel location of the electric wiring layer 21 of 
a basis when displaying a new image on the same display device, the image part which cannot be 
overwritten will be generated. Therefore, since it writes in with the rotation particle layer 13 
which is a display layer and the gap by temperature or humidity is not produced between the 
electric wiring layers 21 which are layers, it is desirable to use the same plastic material for the 
base material 11 of the rotation particle layer 13 and the base material 17 of the electric wiring 
layer 21. By this, it comes at the time of image rewriting to prevent the image gap by telescopic 
motion of a base material arising, and generating of the image by the electric wiring layer 21 
which is not rewritable can be suppressed as much as possible. 

[0045] In the gestalt of this operation, it is a light weight and a thin shape, and without 
destroying, even if deformation of some occurs, high definition image formation is possible at 
power saving, and a postscript can also obtain a possible magnetic particle rotation mold display 
device from on an image so that cleariy also from the above-mentioned explanation. Although 
especially the memory layer was conventionally pillar-shaped and component thickness was 
thick, it became possible to make the whole equipment light thinly by using the thin film which 
has a perpendicular magnetic anisotropy. Moreover. 1 00mA or less of current values of the 
electric wiring layer which magnetizes a memory layer by approaching a rotation particle layer 
and installing the memory layer which supports magnetic particle rotation since magnetic particle 
rotation is possible at the magnetic field strength of several gauss usually became possible [ a 
next door and displaying an image with a precision more sufficient at power saving ] enough by 
10mA or less at the maximum. 
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* NOTICES ♦ 

JPO and NCIPI are not responsible for any 
damages caused by the use of this translation. 

1 This document has been translated by computer. So the translation may not reflect the original 
precisely. 

2.**** shows the word which can not be translated 
3.1n the drawings, any words are not translated. 



EXAMPLE 



[Example] Hereafter, the example of this invention is explained. 

Fe 304 whose example 1 mean particle diameter is 0.2 micrometers The ultrafine particle was 
distributed to the polyethylene solution. It was heated by about 1 00 degrees C and the 
circumference edge under rotation trickled these dispersion liquid into the tooth formHike disk 
by 30000RPM. It quenched the particle which collided with this rotating disk and dispersed, and it 
became round the shape of a true ball so that surface energy might be lowered. Uptake of this 
particle was carried out to the drum, and Fe3 04 / polyethylene mixing (it is 1/1 at volume ratio) 
black particle whose mean particle diameter is 1 5 micrometers and whose maximum particle 
diameter is 30 micrometers were obtained. 

[0047] After sprinkling the mixed globular form particle near this true ball so that it may become 
only one layer on a commercial pressure sensitive adhesive sheet, the opening was further filled 
up with the particle and it fixed. The vacuum deposition method was used on this fixed particle, 
and the aluminum thin film was formed in the thickness of about lOOnm. The aluminum film is 
formed in the upper half (about 50% of white area) of a mixed particle, and is not put on a lower 
half. The particle on a sheet was observable in not a metallic color but the so-called white for 
the particle. The coercive force measured by VSM (oscillating sample mold magnetometer) was 
1 080e(s), and residual magnetization was 67 emu/g. This particle firmly attached seat has been 
arranged between the pole piece of an electromagnet as it is, and it was magnetized so that the 
direction of the line which impresses a 1 00 gauss field and connects white and a black core, and 
magnetization might gather. Subsequently, each magnetic particle was exfoliated from the sheet. 
[0048] The above-mentioned magnetic particle was put into the 55-degree 0 gelatin water 
solution, and was agitated. Gum arabic was added to this solution, it was made acidity, solution 
temperature was further lowered [ PH was lowered, ] to 20 degrees 0 or less, the polymer film of 
gelatin/gum arabic was generated and hardened, and the microcapsule was formed. This 
microcapsule is immersed into a silicone oil. a silicone oil is infiltrated between a microcapsule 
and a magnetic particle, and it enabled it to rotate a magnetic particle within a capsule. The 
monochrome color has been checked through the microcapsule. 

[0049] Next, the antireflection film of MgO with a thickness of lOOnm was prepared in one side 
of a polycarbonate substrate with a thickness of 100 micrometers with vacuum evaporation 
technique, and it was coated with ultraviolet-rays hardening resin in another field. The water 
solution of the microcapsule which carried out [ above-mentioned ] production was hung down 
to the ultraviolet-rays hardening resin spreading side of a polycarbonate substrate, and vibration 
was added so that a microcapsule might arrange by the thickness of only one layer. Then, 
irradiate ultraviolet-rays hardening resin, it was made to harden UV light, each microcapsule 
location was fixed, and the image display section was produced, 

[0050] Next, perpendicular magnetic anisotropy films with a thickness of 0.5 micrometers were 
formed on the polycarbonate film with a thickness of 20 micrometers using the spatter by using 
TbPeCo as a target. The coercive force which impressed and measured the perpendicular 
direction field was 180Oe(s). Perpendicular anisotropy fields were 4.5KOe(s). The protective coat 
of SiN with a thickness of lOOnm was similarly formed using the spatter on this film. Thus, on the 
protective coat of the produced memory layer, adhesives were used, and the polycarbonate 
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substrate of said image display section was ****ed outside, and was stuck in piles. 
[0051] Next, after preparing nickel film of lOnm thickness in one side of a polycarbonate 
substrate with a thickness of 100 micrometers by the spatter the copper film of 5-micrometer 
thickness was formed with plating. Patterning of this copper film was carried out by the 
photolithography method, and copper wiring was formed by the etching method. The circuit 
pattern was made into the coiled form of 3 turns. Moreover, the pitch between coils (i.e., 
between pixels) was set to 127 micrometers (200dpi). Then, the SiN film of about lOOnm 
thickness was further prepared as a protective layer on the circuit pattern by the spatter. A 
drive circuit which a field with a coil generates one [ at a time ] one by one at the intersection of 
wiring of X and the direction of Y was established in each wiring edge. After uniting in piles the 
electric wiring layer produced as mentioned above with the lamination article of the image display 
section which arranged the microcapsule, and a memory layer like drawing 1 , the seal of the 
edge was carried out by resin, and the display device was produced: 

[0052] Subsequently, the drive circuit was used for each electric wiring, and the current was 
passed one by one. The current controlled the direction with the magnetic pole of the magnetic 
particle on each coil (pixel) to oppose. It rotated and the magnetic particle showed black. Each 
pixel was able to be made to have been able to produce the migration to black and white 
similarly, contrast was able to be acquired, and monochrome image was able to be obtained. The 
image could be clear, without flickering and being visible with the reflected light in the front face 
of a transparence base material, and was able to indicate by the repeat. Moreover, the 
irregularity of a magnetic particle was not worried. The formed image did not disappear 
semipermanently until it rewrote it. 

[0053] Furthermore, the coil was formed in the iron bar with a diameter [ of 0.8mm ], and a die 
length of 1 5mm, and it considered as the electromagnet, and with a cell and a switch, as the 
current flowed in the both directions of positive/negative, the magnetic pen for field generating 
in which an image can be entered from on the transparence base material of the image display 
section was produced. After passing and carrying out image formation of the current to the 
electric wiring layer of the above-mentioned display device, the current was passed in the 
forward direction on this magnetic pen. the pen was run from on the transparence base material, 
and the image was eliminated. Moreover, the current was passed in the negative direction and 
the line drawing image was newly added. Since the polycarbonate substrate of the same 
ingredient was used for the transparence base material of the image display section, and the 
base material of an electric wiring layer, there were few parts which were not able to carry out 
image rewriting, and the image was clear. 

[0054] It sets in the example 2 example 1 , and is Fe 304 with a mean particle diameter of 1 5 
micrometers as a magnetic particle instead of Fe3 04 / polyethylene mixing particle. The 
thickness of a microcapsule was made to double [ about ] in order to prevent with [ which goes 
away between magnetic particles ] ** using a black magnetic-substance particle. Others 
produced the display device like the example 1 . The image which passed and acquired the 
current to electric wiring was clear. Moreover, from the magnetic rotation particle of an example 
1. in spite of increase of the part to which saturation magnetization increased twice [ about ], 
and particle weight, particle running torque was able to increase, rotation was able to become 
possible with fewer current values, and power-saving was able to be attained. 
[0055] It sets in the example 3 example 1 . and is Fe 304 with a mean particle diameter of 0.2 
micrometers. The black magnetic-substance particle of Fe4 N with a mean particle diameter of 
0.2 micrometers was used instead of the ultrafine particle, and the mixed particle of Fe4 N / 
polyethylene was produced as a magnetic particle. Moreover, the thickness of a microcapsule 
was made to double [ about ] in order to prevent with [ which goes away between magnetic 
particles ] **. The image which others produced the display device like the example 1. and 
passed and acquired the current to electric wiring was clear. Moreover, from the magnetic 
rotation particle of an example 1 , the part and particle running torque to which saturation 
magnetization increased twice [ about ] were able to increase, rotation was able to become 
possible with fewer current values, and power-saving was able to be attained. 
[0056] On both sides of the polycarbonate substrate of 4100 micrometer thickness of examples. 
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the copper film of 5-micrometer thickness was produced with vacuum evaporation technique, 
patterning of this copper film was carried out by the photolithography method, and copper wiring 
was formed by the etching method. The circuit pattern was mostly prepared in the right angle in 
the shape of a grid length and beside the substrate like drawing 2 . On the rear face and the 
front face, it was made to rotate 90 degrees, and the above-mentioned circuit pattern produced, 
and showed the distribution from which the magnetic field strength of the core of a grid becomes 
max. Others produced the display device like the example 1 , using this as an electric wiring layer. 
The image which passed and acquired the current to electric wiring was clear. 
[0057] On both sides of the polycarbonate substrate of 5100 micrometer thickness of examples, 
the copper film of 5-micrometer thickness was produced with vacuum evaporation technique, 
patterning of this copper film was carried out by the photolithography method, and copper wiring 
was formed by the etching method. The circuit pattern was made into the configuration of the 
character of KO of katakana like drawing 3 . On the rear face and the front face, it was made to 
rotate 90 degrees and the above-mentioned circuit pattern produced, and it doubled the location 
so that the magnetic field strength of the core of the character of KO might become max. 
Others produced the display device like the example 1 . using this as an electric wiring layer. The 
image which passed and acquired the current to electric wiring was clear. 

[0058] Pt layer for electroplating was prepared on example 6 silicon wafer. Besides, it is Si02 of 
about 20-micrometer thickness with a CVD method. The film was produced. Besides, PMMA 
(polymethylmethacrylate) was prepared with the spin coat method. Subsequently, after exposing 
a grid-like hole pattern on PMMA, Or layer was prepared with vacuum deposition etc. on PMMA. 
The hole was produced in PMMA and Cr layer using reactive ion etching, subsequently, the hole 
which did in this way and was formed regularly — FeS 04 / polyethylene mixing black particle 
produced in the example 1 were put into inside, and the PMMA film of 20-micrometer thickness 
was stuck and covered. The memory layer and the electric wiring layer were prepared in the 
PMMA film side of 20-micrometer thickness like the example 1, and the display device was 
produced. The image at the time of passing a current was clear. 

[0059] To the configuration of the transparence base material / rotation particle layer / memory 
layer / electric wiring layer of example of comparison 1 example 1, the location of a memory 
layer and an electric wiring layer was replaced, it was made the configuration of a transparence 
base material / rotation particle layer / electric wiring layer / memory layer, and the rest 
produced the display device like the example 1 . Although the same current as an example 1 was 
passed in the electric wiring layer, between a rotation particle layer and memory layers became 
large, the reinforcement of the field which rotates the magnetic particle of a rotation particle 
layer decreased, and image contrast was one half extent of an example 1. 

[0060] The memory layer of example of comparison 2 example 1 was used as the mixed (volume 
ratios 8/2) spreading layer of a ferrite and resin. Thickness was thickened and surface inductive 
flux was made the same as an example 1. The film showed isotropic magnetic properties. Others 
produced the display device like the example 1. When the current was passed to electric wiring, 
since there were many components with the direction of a field of a memory layer parallel to a 
film surface, variation increased in the angle of rotation of a magnetic particle, and the image 
became what faded. Moreover, since memory thickness became thick, the generating field of an 
electric wiring layer was insufficient for memory layer magnetization, therefore the angle of 
rotation of a particle became inadequate, and the display image was indistinct. 
[0061] In example of comparison 3 example 1, the display device was completely similarly 
produced except having set particle size of a magnetic particle to 5 micrometers, 32 
micrometers, and 46 micrometers. The clearness of an image was lost as the thing using a 
magnetic particle with large particle diameter, and the image by the magnetic particle of 32 
micrometers and the diameter of 46 micrometer was not clearly seen rather than the image by 
the magnetic particle of 5 micrometers and the diameter of 1 5 micrometer, but was that of 

[0062] In example of comparison 4 example 1 . after enclosing the magnetic particle which 
consists of a magnetic-substance ultrafine particle and a polymer into a transparent 
microcapsule, it has arranged to the polycarbonate substrate without immersing a silicone oil 
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between this microcapsule and a particle. Even if others added the field like the example 1, a 
particle did not rotate within the capsule and the image was not displayed. 
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DESCRIPTION OF DRAWINGS 



[Brief Description of the Drawings] 

[Drawing 1] It is the sectional view showing the magnetic particle rotation mold display device of 
the gestalt of 1 operation of this invention. 

[Drawing 2] It is drawing explaining the field generating approach by the electric wiring 
concerning this invention. 

[Drawin g 3] It is drawing explaining the field generating approach by the electric wiring 
concerning this invention. 

[Drawing 4] It is drawing showing the example of a configuration of MPD of the conventional 
technique. 

[Description of Notations] 

1 .... Rotation particle 

2 1 3 .... Rotation particle layer 

3 21 .... Electric wiring layer 

4 1 5 .... Memory layer 
6 .... Microcapsule 

11. 16, 17, 22 .... Base material 
12 .... Magnetic particle 
14, 19. 20 .... Protective coat 
1 8a. 1 8b .... Electric wiring 
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DRAWINGS 



[Drawing 1] 
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[Drawing 2] 
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[Drawing 41 
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